Interferometric synthetic aperture radar (IFSAR) extends the two-dimensional imaging capability of traditional synthetic aperture radar to three-dimensions by using an aperture in the elevation plane to estimate the 3-D structure of the target. The operation of this additional aperture can be viewed from a null-steering point of view, rather than the traditional phase determination point of view. Knowing that IFSAR can be viewed from the null-steering perspective allows us to take advantage of the mathematical foundation developed for nullsteering arrays. In addition, in some problems of interest in IFSAR the null-steering perspective provides better intuition and suggests altemative solutions. One example is the problem of estimating building height where layover is present.
Introduction
IFSAR has become an important technology in providing digital elevation models (DEMs). In this paper we examine IFSAR as a beamforming array. In particular, we consider the relationship between IFSAR and null-steering.
Assume an antenna array that is to be used to find the direction of a single target. One way that this target can be located is to electronically scan the antenna beam searching for the direction in which the return is maximum. The beam is steered by applying a linear phase across an antenna array of equally spaced elements. In general, the adjustment of the phases from element to element across the antenna array causes the steering of the beam. We observe that this is related to the IFSAR process. Essentially in IFSAR, we find the phase difference in a two-element antenna array that will provide the maximum retum signal. In other words, IFSAR attempts to optimally steer the sum beam of a two-element antenna in the direction of a single target by finding the steering phase to app!y to the array to maximize the retum. The array in IFSAR typically consists of two phase centers in the elevation plane. As opposed to typical arrays, in IFSAR the spacing of the phase centers are much greater than half of a wavelength.
The antenna array could be used to steer a null at the target rather than pointing the mainlobe at the target. In this case, the direction of the target is chosen such that the return is minimized rather than maximized, as previously described. This null-steering can be thought of as rejecting an unwanted signal such as a jammer, or it can be thought of as a "highresolution" direction-of-arrival method [ 11.
Null-Steering and IFSAR
From the IFSAR perspective the single target, or "jammers" if you will, are the clutter cells covered by each rangeDoppler cell. So in IFSAR we wish to steer an independent null for each of the range-Doppler cells. The phase is chosen in such a manner as to attempt to minimize the return energy on the average. IFSAR can be shown to be a kind of "phase-only" null-steering [2] . The derivation of the phase-only nullsteering presented here follows from [3], [4] . It is also highly related to the derivation in [5] . In null-steering, it is desirable to maximize the ratio of power of the desired output signal to unwanted clutter and noise. This result is achieved by maximizing the normalized improvement factor: y-is the argument of the complex coherence P where:
p -is the complex coherence between the elements due to clutter and noise It is assumed that there is no a priori information about the direction of the " signal". In this case, the normalized signal covariance matrix becomes the identity matrix. The improvement factor is:
The phase-only requirement supplies the condition that:
where:
C -is an arbitrary constant chosen to be 1 It is apparent that the improvement factor is maximized when the denominator of the rhs of equation (2) is minimized subject to the constraint in equation (3) . The method of Lagrangian multipliers yields: m
P(w)= W H R c W +~A i ( l -w~w i ) ( 5 ) i=l
It is readily apparent that ry is the standard IFSAR phase estimated from the maximum-likelihood estimate of the correlation (see [5] for such a derivation). Applying the weights in equation (7) to the two element IFSAR system represents the phase-only null-steering viewpoint of IFSAR processing. Ignoring the phase and amplitude constants, and applying the weights from equation (7) 
Null-Steering and IFSAR Coherence
The corresponding optimal improvement factor is given by the reciprocal of the minimum eigenvalue of the normalized clutter and noise matrix: 
Equation (9) says that the clutter and noise can be cancelled perfectly only if the clutter and noise are perfectly correlated opposite, that if we can perfectly cancel the clutter and noise, the clutter and noise must have been Perfectly COrrelated between the two channels. Stated another way, the IFSAR coherence can be thought of as the fraction of the power cancelled by the null-steering operation.
Equation ( 5 ) is minimized by choosing the Lagrangian between the two IFSAR channels. Equation (10) says the multiplier as the minimum eigenvalue of R, . The result is that the optimal weights, to within a constant amplitude and phase, are:
A couple of simple examples are provided to show the insight that equation (10) brings to IFSAR. The first example is that of correlated clutter in thermal noise. It is obvious that we are only able to cancel the correlated clutter and not the thermal noise. Equation (1 0) says that the coherence in this case is the very familiar:
s -is the clutter power n -is the thermal noise power
Another case is that of the spatial decorrelation for a uniform target. Figure 1 illustrates this case. A target with a large angular extent cannot be nulled perfectly with a single null. The degree of cancellation depends upon the width of the null and the angular extent of the target. Equation (1 0) can be used to calculate the also familiar spatial coherence of:
repetitive nulls from grating lobes caused by the antenna spacing being larger than half of a wavelength. Figure 2 shows the zero-crossings (nulls) and traditional IFSAR phase wraps.
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Figure 2: Null Response versus IFSAR Phase Wraps
Nu1l:Steering and the Two Target Case
In some cases, for example layover of a building, we violate the assumption of a single target in a range-Doppler cell. This case has been evaluated for IFSAR previously using the van Cittert-Zemike theorem [6], [7] However, the nullsteering viewpoint adds intuition into the issue. Figure 3 shows that one of the problems in the two target case is that we have only a single null to steer at two separate targets. It is obvious that we will be unable to cancel both targets, so we will be left with spatial decorrelation in the layover region. The decorrelation gets worse with narrower nulls (larger baselines) and larger target separation (e.g., taller buildings). This result was found in [6], [7] as well. One implication here is that an additional antenna element would allow us to steer a separate null at one of the targets while retrieving the IFSAR phase, or steering another null, at the other target. The additional antenna element would provide enough degrees-of-freedom to find both targets, for example, from the the top and the bottom of the building. Certainly there are challenges in designing systems and processing data to find multiple targets. They are too involved to present in this short format. The important point is that the null-steering viewpoint provides insight into this issue.
Another issue discussed in the previous references was the cosinusoidal nature of the coherence as a function of baseline and target height. Figure 4 shows that this is a result of the ambiguities of the nulls. 
Null-Steering and Ambiguities
Ambiguities are obvious from the null-steering perspective, just as they are in traditional IFSAR perspective. From the null-steering point of view, ambiguities are the result of
In Figure 4a the spatial coherence will be low because the combination of target height and ambiguity spacing is such that the targets are not cancelled by the nulls. Figure4b shows the case where the baseline width and the target heights are such that the targets are cancelled with the result that the spatial coherence is high.
Conclusions
In conclusion, we have discussed the strong relationship between phase-only null-steering and IFSAR. The advantage of the null-steering viewpoint is that provides intuition into spatial decorrelation and leads to the concept of using multiple phase centers to begin to separate out multiple targets in layover regions.
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